Use of surf clam viscera as an animal feed was assessed by measuring nutrient content, susceptibility to spoilage, preservation with organic acid, and replacement value for soybean meal when fed to growing pigs. Viscera exiting the processing plant averaged 88% moisture and 71% CP in DM. Amino acid contents (51% in DM) and profiles were similar to those of soybean meal. Storage and feeding quality of wet viscera could be maintained up to 3 wk by adding formic or propionic acid (3.5%, wtlwt). Pigs readily ate corn-based diets containing wet viscera preserved with propionic acid. Growth rate was similar for pigs from 18 kg t o market weight (92 k g ) when soybean meal and(or) clam viscera were fed as protein supplements. However, cooked loin roasts from pigs fed one-half or all supplemental protein from viscera (5 or 10% viscera in diet DM) had distinctive fishy aromas. To produce acceptable pork, future studies must identify lower dietary levels or withdrawal periods for viscera.
Introduction
The Mid-Atlantic region produces 65% of the sea clam meat in the United States (NMFS, 1991) . Virtually all clams are shucked, and the meat and tongue are processed into a variety of products. The viscera (heart, stomach, intestine), representing 20% of soft tissues, are not used (Zall and Cho, 1977) . Disposal of viscera is a problem to the sea clam industry as landfills decrease in number and waste treatment and discharge regulations become more stringent . However, certain by-products and wastes from local food processing industries have had potential as alternative, economical sources of proteins for animals (NAS, 1973; NRC, 1983) .
Studies with scallop viscera (Myer et al., 1988 (Myer et al., , 1990 have demonstrated that sea clam viscera ( SCV) might also have application as a high-protein feedstuff for swine. Thus, this study examined nutrient composition, susceptibility to spoilage, preservation with organic acid, and use of SCV as a protein supplement for growing-finishing pigs. Carcass characteristics and sensory analyses of pork were also evaluated.
Materials and Methods

Sea Clam Viscera
Samples of SCV were obtained during nine site visits to Cape May Canners, Cape May, NJ, which processes s u r f clams ( Spisula solidissma). Viscera wastes were sampled outside the processing facility from a collection unit that received SCV from all production lines. Thus, samples were representative of all clams processed for that production date. The first sample of SCV totalled approximately 10 kg, which was chilled on ice and transported to the lab for use in experiments to evaluate spoilage and preservation. Remaining samples of SCV each totalled approximately 500 kg and were collected as needed to conduct feeding trials with growing pigs (Trial 1, six shipments; Trial 2, two shipments). During the last visit, surf clam meat was also sampled from the processing line.
Spoilage and Preservation
The 10-kg sample of SCV was homogenized using an Osterizer blender (10 min, puree cycle; Oster/ Sunbeam, Brown Deer, WI). Experiment 1. Ten grams of homogenized SCV was added to each of 18 screw-cap glass tubes that were incubated in a water bath at 29.4"C. Two tubes were removed at 0, 6, 12, 18, 24, 30, 36, 42 , and 48 h, respectively, and 20 mL of trichloroacetic acid was added. Tubes were then centrifuged at 30,000 rpm for 15 min and the supernatant filtered through a hardened Whatman #52 filter. Trimethylamine ( TMA), an indicator of spoilage, was measured in the filtered supernate (Dyer, 1959) and reported as milligrams per gram of dry SCV. In a preliminary experiment, samples of SCV were spiked with known amounts of TMA and 99.5% was recovered.
Experiment 2. Ten grams of homogenized SCV was added to each of 48 tubes as in Exp. 1. Tubes were divided into three treatments with the addition of 0, 3.5% propionic, or 3.5% formic acid (wt/wt). Each treatment was divided into two groups of eight samples each and incubated a t 7.2 or 29.4"C. Representative samples of each treatment and temperature were removed a t 0, 1, 2, 4, 8, 12, 16, and 20 h. Incubation procedures and TMA measurement were as described in Exp. 1.
Experiment 3. Ten grams of homogenized SCV was added to each of 56 tubes as in Exp. 1. Tubes were divided into seven treatments: 0, .5, 1.0, 1.5, 2.0, 2.5, or 3.0% propionic acid (wt/wt), and incubated at 29.4"C. One tube was removed from each treatment at 0, 1, 2, 4, 8, 12, 16 , and 20 h. Trimethylamine was measured as described.
Experiment 4. Ten grams of ground corn and 10 g of homogenized SCV were added to each of 12 tubes, the mixture simulating a diet containing 16% CP in DM. Tubes were divided into three treatments, 0, 1.0, or 3.5% propionic acid (wt/wt), and incubated at 29.4"C. One tube was removed from each treatment at 0, 24, 48, and 96 h and pH was measured.
Swine Feeding Trials
An 8-wk trial (Trial 1) was conducted with 27 crossbred pigs (Yorkshire, Hampshire x Duroc) weighing 18.5 kg t o evaluate the efficacy and protein feed value of acid-treated SCV. Three pigs were placed in each of nine pens with grouping based on BW (heavy, medium, light levels in Treatments 2 and 3 (protein equivalents of 11 4, 214, 314, or 4 4 during wk 1, 2, 3, and 4, respectively). Because SCV had a high-moisture content and was preserved with propionic acid (3.5%, wtlwt), water and(or) propionic acid was added to Treatments 1 and 2, respectively, to equal the moisture and(or) propionic acid content of Treatment 3 ( Table 1) . Diets were formulated to contain approximately 50% moisture ( a s fed) and 16% amino acid N (dry basis). Six shipments of wet SCV totalling approximately 2,700 kg were obtained from Cape May Canners to complete Trial 1 ( Table 2 ). The SCV contained large chunks of belly and some clam meat. Pieces of shell and foreign debris were removed and the wet SCV were then ground through a Butcher Boy (Model TCA 22, Larsar Manufacturing, Los Angeles, CA). This provided a uniform SCV product. After grinding, SCV were weighed and sampled and propionic acid was added (3.5% wtlwt) with thorough mixing. A second sample was then taken for nutrient analyses. The acidified SCV were stored in airtight plastic containers. Each shipment was used less than 10 d after receipt.
Diets were prepared prior to each feeding. This consisted of mixing measured amounts of the cornbased diet (all ingredients minus all protein supplements), SBM, acid-treated SCV, water, and(or) propionic acid, respectively. Diets, in slurry form, were fed in a trough (1.22 m x .30 m x .15 m). Each pen received one-half of the allotted feed at 0800 and the remainder a t 1600. The corn-based diet and SBM were sampled daily and a composite was prepared for nutrient analyses.
Housing consisted of outside pens with concrete floors measuring 2.28 m x 7.56 m (2.28-m x 3.06-m portion covered and bedded). Pen weights of pigs were measured weekly and the daily DM offered was adjusted weekly to 6% of BWlpen. Experimental protocol was reviewed and approved by the university Animal Care Program.
In Trial 2, one barrow from each BW grouping fed Treatments 1, 2, or 3 was grouped and maintained in a separate pen on its respective dietary treatment for an additional 7 wk. Amino acid N in DM was reduced to 14% (Table 1) . Pen weights were measured weekly and DM offered was limited to 5% of BWIpen. In this trial the SCV were not ground, but upon receipt they were weighed, preserved with propionic acid, and fed as described.
Nutrient Analyses of Feedstuffs
Samples of each shipment of SCV and clam meat were homogenized as described. Individual samples were retained, but also a composite was made for SCV used in Trial 1. Wet SCV were assayed for GE by adiabatic bomb calorimeter (ASTM, method D2015-66) and for CP by the Kjeldahl procedure (AOAC, 1984) . Samples of wet SCV and clam meat were dried Table 1 ). CAfter addition of propionic acid.
in a forced-air oven at 60°C. Dry samples of SCV were assayed for CP as described, for AA and ammonia N by oxidation and hydrolysis procedures of Degussa (1990) , for total fat by ether extraction (AOAC, 1984) , for fatty acid content by gas chromatograph (Wohlt et al., 19911, for total ash (AOAC, 1984) , for Ca, Mg, Na and K by atomic absorption (PerkinElmer, 1971), for As, Cd, Cr, Cu, Hg, Pb, and Zn by atomic absorption (USFDA, 1975; Holak, 1980; NJDEPE, 1989) , for P by Technicon procedures (1978) , and for Si by methods of Goering and Van Soest (1975) . The total fat and fatty acid content of clam meat was also measured as described.
Composite samples of the corn-based diet and SBM were ground using a Wiley mill ( l -m m screen, A. H. Thomas, Philadelphia, PA). These feedstuffs were also assayed for DM, CP, AA and ammonia N, total ash, Ca, P, Mg, Na, and K as described.
Carcass Characteristics and Acceptability
The nine barrows from Trial 2 were slaughtered at a commercial facility (Royal Meat Market, Trenton, N J ) and carcasses were taken to Riverfront State Prison, Camden, NJ for processing. Carcasses were weighed and backfat depth was measured at the first and last ribs and last lumbar vertebra. A first four-rib
Results and Discussion
Composition of Viscera loin roast and a sample of backfat over the first rib were obtained from each carcass. These samples were wrapped in freezer paper, placed in air-free plastic bags, and then frozen.
Fatty acids were extracted from backfat and measured as described. Loin roasts were packed in dry ice and sent to Jane Love (Department of Food and Nutrition, Iowa State University, Ames) for sensory evaluation. Frozen roasts were thawed at 4°C for 48 h and then roasted to a final internal temperature of 74°C in a General Electric oven (Model JB500, Louisville, KY) preheated to 176°C. Roasts were weighed before and after cooking and cooked yields were calculated. Cooked roasts were trimmed of bone, fat, and connective tissue, cubed (10 to 12 mm/side), and served warm in covered glass dishes to judges. Aroma was evaluated by a panel of four judges trained in descriptive analysis of meat. The aroma characteristic of cooked pork lean and fishy odor were scored using 15-cm horizontal lines with anchors 1 cm from each end. Anchors a t the left end of the scale were labeled slight and ones at the right end extreme. Judges made vertical marks on the lines to indicate intensity of aroma, each mark measured to the nearest millimeter. Judges evaluated cooked pork from each of the three treatments in two subsequent sessions.
Statistical Analyses
Experiments 1 Through 4. In Exp. 1, TMA concentrations over time were subjected to regression analysis by the GLM procedures of SAS (1985) . Experiment 2 consisted of a 3 x 2 factorial split-plot design over time. Organic acid types were the whole plot and temperature and time were split plots. In Exp. 3 and 4 the main effects were levels of organic acid over time. Observations of Exp. 2, 3, and 4 were subjected to a repeated-measure ANOVA using GLM procedures (SAS, 1985) .
Swine Feeding Trials I and 2. Trial 1 consisted of a randomized complete block with the three dietary treatments and three replicated pens. Observations of DMI, ADG, and feed:gain ratio were analyzed by ANOVA over time (wk 1 to 8, wk 1 to 4, wk 5 to 8 ) by GLM procedures. In Trial 2 the three treatments each had three individual carcasses. Dressing percentage, backfat depth, and fatty acid content were analyzed by ANOVA. Sensory scores were subjected to ANOVA using a split-plot design, with treatment in the whole plot and judge and judge x treatment in the split plot. When F-values for treatment were significant, treatment means were compared by Tukey's method (Steel and Torrie, 1980 (Table l ) , indicating a significant loss of volatile N components during drying. The amino acid N of SCV averaged 53% in DM (Table 2 ) and contained high amounts of lysine and methionine + cysteine (5.03 and 3.48 g/lOO g of C P ) compared with SBM (6.88 and 3.27 g/lOO g of CP) and the corn-based diet ( 3 . 5 5 and 4.49 g/lOO g of CP), respectively. These data are evidence that SCV have high value as protein supplements in animal feeds.
Dry SCV, free of large shell fragments, contained 10% ash (table 2) . Major macroelements were Ca, .5; P, 1.0; Mg, .2; Na, 1.0; and K, 1.1%. Silica represented as much as 20% of ash, probably due t o sand attaching to and(or) entering the clam during harvest (dredging). Heavy metals were present in SCV, but concentrations were not higher than those found in clam meat used for human consumption (Zook et al., 1976; Gutenmann et al., 1988) .
The GE content of unpreserved wet SCV was 603 caVg (5,132 kcal/kg of DM), similar to that of fish meal (NRC, 1988) . Treating SCV with propionic acid (3.5% wt/wt) decreased pH from 5.6 to 4.1, with GE increased only 7 to 9 kcal. Surf clam meat contained more ether extract than did the viscera (13.2 vs 1.8%/ DM), and the fatty acid content of both materials was high in omega-3 fatty acids, especially 20:5w3 and 22: 6w3 (Table 3) .
Susceptibility to Spoilage
The presence of TMA in seafood products is commonly used as an indicator of spoilage (Dyer, 1959; Stansby, 1990) . When SCV was incubated a t 29.4"C, TMA remained low (< .1 mg/g of DM) up to 18 h (Figure l a ) . However, between 18 and 48 h TMA content increased ( P < . O O l ) 30-fold, and the relationship over time was logarithmic (R2 = .356).
Preservation
The high moisture content of SCV not only contributes to its susceptibility t o spoilage but also dilutes its nutrient content, limits intake by the animal, and increases handling and transportation costs. However, drying and freezing are energy-intensive and expensive alternatives. Organic acids have been added to marine wastes and the resultant silages successfully fed to swine (Van Lunen, 1990) . Scallop viscera, a product similar to SCV, have already been evaluated as protein supplements for swine (Myer et al., 1988 (Myer et al., , 1990 . Thus, incubation experiments were conducted to evaluate temperature (7.2 vs 29.4"C) and addition of organic acid (formic vs propionic; 3.5% wt/wt) as means of preserving SCV. Refrigerating SCV for 3 wk at 7.2OC (Figure l b ) resulted in low levels of TMA k . 2 mglg of DM); however, TMA did increase from .02 to .14 mg/g of DM, indicating that refrigeration would only decrease the rate at which spoilage would occur. Incubating untreated SCV for 3 wk at 29.4"C ( Figure IC ) resulted in a 300-fold increase ( P < . O l ) in TMA, from .02 to 6.6 mg/g of DM. Additions of formic or propionic acid (3.5% wt/wt) were equally effective in preserving SCV at 7.2 and 29.4"C (Figures lb,c) .
Fish silages have been produced by adding organic acids at 3.5% wtlwt (Van Lunen, 1990 ). Thus, levels of .5, 1.0, 1.5, 2.0, 2.5, and 3.0% propionic acid were evaluated in vitro for preserving SCV ( Figure Id) . Evaluation of TMA levels from these data suggest that SCV contain at least 1.0% propionic acid to be preserved for 3 wk. However, it was uncertain that SCV containing 1% propionic acid would provide stability of the total diet when SCV was blended with other feedstuffs. When SCV containing 1% propionic acid (wt/wt) was mixed with corn, simulating a complete hog feed, diet pH ( P < .05) increased from 4.50 to 5.05 within 24 h (Figure 2) . However, when SCV contained 3.5% propionic acid (wt/wt), pH was 4.5 and did not increase over the 4-d period. These data suggest that a total diet combination of ground corn plus SCV (50% moisture) must contain 1.0% propionic acid (wt/wt) to maintain a low pH. This was achieved when SCV contained 3.5% propionic acid and was blended with ground corn on a 1:l as-fed ratio.
Swine Performance
Dry matter intake during wk 1 of Trial 1 averaged 1 kg-pigl-d-l and by wk 4 had increased to 1.8 kg-pigl&l, even with SCV as the sole supplemental protein source (Table 4 ). Dry matter intakes were similar for all dietary treatments wk 5 through 8 in Trial 1 (Table 4) 
Carcass Composition and Pork Quality
Dressing percentage and backfat measurements were similar for pigs fed SBM and(or) SCV (Table 5) . However, fatty acid content of backfat was influenced by supplemental protein source (Table 5 ) . When SCV replaced SBM, decreases in 16:O and 18:O occurred and increases ( P < .05) in 16:1, 18:2w6, and other long-chain omega-3 fatty acids were measured. Although SCV contained less than 2% fat, a high proportion was omega-3 fatty acids (Table 3) . Taugbol (1993) noted similar increases in omega-3 fatty acid incorporation in fat of growing pigs fed 5 or 10 g of fish oil daily.
When pork loins from pigs fed SCV were roasted, they produced a distinctive fishy aroma; this aroma was particularly noticeable in the samples from pigs fed SCV as the sole protein source ( Table 5 ) . Preliminary observations indicated that this sample also had a n intense and lingering fishy flavor; consequently, sensory evaluation on all roasts were done for aroma only. Sensory evaluation showed that dietary treatment had an effect on meat aroma. Roasts from the pigs fed SCV had less ( P < .05) pork aroma than roasts from pigs fed the base diet. The intense fishy aroma may have masked the typical pork aroma. Scores for fishy aroma were significantly higher ( P < . 0 5 ) for pork from pigs fed diets containing 10% SCV in DM than for pork from pigs fed either the control diet or a diet containing 5% SCV in DM. Judges commented that the intensity of fishy aroma and flavor in the roasts from hogs fed 5% SCV in DM was readily detectable when samples were served warm; however, at room temperature the aroma was much less intense. Compounds or precursors producing fishy flavors have been reported to be located both in fat and muscle tissues (Stansby, 1990; Taugbol, 1993) . Further work is needed to demonstrate whether SCV can be fed without producing meat with off-aromas andflavors. Feeding lower levels of SCV and(or) withdrawing SCV from the diet before slaughter might result in pork with typical flavor (Stansby, 1990) .
Implications
Sea clam viscera, food processing wastes, are potentially low-cost alternative protein supplements for growing animals, especially swine. Treatment with organic acid (i.e., propionic) permits feeding sea clam viscera as a high-quality silage that is readily consumed by swine. Off-flavors and -aromas occurred in pork when sea clam viscera composed 5% or more of 
